. OMB No. 0704-0188

_ REPORT DOCUMENTATION PAGE |

Public reporting burden for this collection of infor ion is o ge 1 hour per response, induding the time for reviewing instructs, existing
g ol ,0“"3 sotaining the daa needed, and m:d";mg-_ 9 the collection of information, s«&gag:inmenu :lh“;' &’.im.fé?a:f.‘{;‘;‘."‘.’..,mm'::;
ormation, induding suggestions for is burden. hington Headquarters Services, Directorate for Information Operations and Reports,
Oavis nighwa:. Suite 1204, Arlington, VA 22202-4302, and 10 the Office of g and Budget. Paperwork Mua!o?mnmwmmxwamm": e oy 213 Jeftersan
1. AGENCY USE ONLY (Leave blank). | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
VAAD '

4, TITLE AND SUBTITLE S. FUNDING NUMBERS

"Isotopic Variation in Arctic Pleistocene and
Pliocene Marine Sediments"
6. AUTHOR(S)

N00014-93-1-0709

William B. Curry

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) . 8. PERFORMING ORGANIZATION
_ _ 4 REPORT NUMBER '
Woods Hole Oceanographic Institution ’ A
‘ 13070900
Woods Hole, MA 02543
9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGFNCY REPORT NUMBER
ONR -

Ballston Tower One :
800 North Quincy St. ) ' :
Arlington, VA 2 217-5660

11. SUPPLEMENTARY NOTES

Approved for public release: distribution is unlimited

S ———
12a. DISTRIBUTION / AVAILABILITY STATEMENT : 12b. DISTRIBUTION CODE
Approved for public release; distribution is unlimited

T3. ABSTRACT (Maximum 200 words) e :

Sedimentation rates in many Arctic Ocean cores need to be determined using
paleomagnetic variations, carbonate concentration and radiocarbon age
determinations because there is often an insufficient supply of biogenic
material for biostratigraphic determination. Using these methodsin the
eastern basins, the sedimentation rates obtained are generally a few
centimeters per thousand years, which is significantly higher than
sedimentation rates within the western, Canadian Basin. In the western basin,
where enough biogenic material is available for both radiocarbon age
determination and stable isotopic analysis, sedimentation rates are about one
order of magnitude lower. The oxygen isotopic records are highly variable,
indicating that the records are affected significantly by melt water and
riverine input. Missing stratigraphic sections and higher variability in
oxygen isotopic composition preclude identifying the typical open ocean marine
isotope stratigraphy. Sediments from the last glacial maximum (20ka) contain
few fossils or are completely missing, implying that the Arctic may have been
frozen year round during this extreme period of glaciation.

14. SUBJECT TERMS 15. NUMBER OF PAGES

16. PRICE CODE

17, SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT . UL
unclassified unclassified unclassified

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-85)

DTIC QUALITY INSPECTED 1 prescried by ANSI id. 239-18



WOODS HOLE OCEANOGRAPHIC INSTITUTION'
360 Woods Hole Rd./Clark Labs

Woods Hole, Massachusetts 02543-1542
Department of Geology & Geophysics -

Phone: (508)289-2591

Fax: 508-457-2187

email:weurry @whoi.edu

June 23, 1998

Defense Technical Information Center
8725 John J. Kingman Road

STE 0944

Ft. Belvoir, VA 22060-6218

In compliance with the reporting requirements on ONR Grant No. N00014-93-1-0709
entitled “Isotopic Variations in Arctic Pleistocene and Pliocene Marine Sediments”
PI, William B. Curry, enclosed are two copies of the report for your files.

Sincerely yours,

TP

illiam B. Curry

WBC/amp

Enclosure




Final Report

ONR ASSERT Award N00014-93-1-0709
Title: Isotopic variation in Arctic Pleistocene and Pliocene Marine Sediments
PI: William Curry

Abstract

Sedimentation rates in many Arctic Ocean cores need to be determined using paleomagnetic
variations, carbonate concentration and radiocarbon age determinations because there is often an
insufficient supply of biogenic material for biostratigraphic determination. Using these method in the
eastern basins, the sedimentation rates obtained are generally a few centimeters per thousand years,
which is significantly higher than sedimentation rates within the western, Canadian Basin. In the
western basin, where enough biogenic material is available for both radiocarbon age determination
and stable isotopic analysis, sedimentation rates are about one order of magnitude lower. The oxygen
isotopic records are highly variable, indicating that the records are affected significantly by melt water
and riverine input. Missing stratigraphic sections and higher variability in oxygen isotopic
composition preclude identifying the typical open ocean marine isotope stratigraphy. Sediments from
the last glacial maximum (20ka) contain few fossils or are completely missing, implying that the
Arctic may have been frozen year round during this extreme period of glaciation.

Students

Dana Stuart
Kirsten Laarkamp
Susan Aldermann

Graduate education and laboratory support were supplied to three students with this ASSERT award:

1) For Dana Stuart, the primary goal of the research was to determine the faunal and isotopic variation
in foraminifera collected in sediment traps deployed in the monsoon region of the western Arabian
Sea. The results show a strong monsoon signal in abundance of several species, including G.
bulloides, G. sacculifer , N. dutertrei and G. menardii. The shallow dwelling species generally have
isotopic compositions at or near to equilibrium with the sea surface temperatures as monitored in
real-time by AVHRR observations from satellites. The deeper dwelling species are living within the
thermocline. there are no clear indications in the foraminiferal shell density for secondary
calcification affecting the foraminiferal oxygen isotopic composition. Covariation of carbon and
oxygen isotopic composition parallels the covariation within the water column G. sacculifer, implying
that it may be useful for reconstructing the past gradients of nutrient release within the thermocline of
the Arabian Sea.

2) Fro Kirsten Laarkamp (ONR Graduate Fellow, 1993-1996), this award provided support for one of
her two general examination papers. For her project, she reconstructed the history of deep water
circulation using benthic foraminiferal carbon isotopic variations in the deep North Atlantic Ocean.
Her results showed that production of North Atlantic Deep Water is strongly tied to the high frequency
variations in North Atlantic climate observed in ice cores and surface waters. When the North Atlantic



region was cold, NADW was shutdown, providing evidence for a link of the thermohaline overturning
in the North Atlantic ("the conveyor") to regional climate.

3) For Susan Aldermann, the award provided support for laboratory analyses for her Masters Thesis
in the MIT/WHOI Joint Program in Oceanography. Her thesis was on the observed changes in
foraminiferal flux and isotopic composition observed in a sediment trap from the ea of Okhotsk. Her
principal results show that the population of foraminiferal are calcifying in the upper 30 meters of the
water column, constrained to shallow depths by the presence of the very cold dichothermal layer at
about 100 meters. The coiling ratio of N. pachyderma, which in other locations around the world
shows a change in direction at about 7 to °C, is less sensitive to temperature here. IN this location, left
coiling N. pachyderma are found in waters where surface temperatures are as warm as 14 °C because
they are able to find much colder water only several tens of meters below the sea surface. Inasmuch
as the Sea of Okhotsk is an analogue for the glacial North Atlantic, reconstruction of past SSTs which
rely on N. pachyderma (1) may be biased. (Note: Susan Aldermann’s stipend was supported through
other ONR grants, including ASSERT award N00014-93-1-1141. Only her laboratory analyses were
supported with this award.)

Publications

Polyak, L. and Curry, W. B., (1995). New insights into Quaternary paleoceanography of the Arctic
Ocean: Stabele isotope and foraminiferal record from the Mendeleev Ridge, Amerasian Basin.
EOS, Transactions of the American Geophysical Union, v. 76, p. F295.

Aldermann, S. Honjo, S. and Curry, W., (1996). Seasonal transition of species composition and
isotopic variability of planktonic foraminifera in the Sea of Okhotsk. EOS, Transactions of the
American Geophysical Union, v. 76, p. OS76.

Aldermann, Susan, (1996). Planktonic foraminifera in the Sea of Okhotsk: population and stable
isotopic analysis from a sediment trap. MIT/WHOI Joint Program in oceanography, Masters
Thesis, 99 pp.

Schneider, D. A., Backman, J., Curry, W. B., and Possnert, G., (1996). Paleomagnetic constraints on
sedimentation rates in the eastern Arctic Ocean. Quaternary Research, v. 46, pp. 62-71.

Stuart, D. , (1997). Deciphering isotopic signals for monsoon-induced upwelling in foramininfera
from the western Arabian Sea sediment trap. MIT/WHOI Joint Program in Oceanography,
Masters Thesis.

Poore, R. Z., Phillips, R. L., Curry, W. B., and Osterman, L. E., (1998). Late Pleistocene and
Holocene Paleoceanographic record from the western Arctic Ocean. EOS, Transactions of the
American Geophysical Union, v. 79, p. S177.

Poore, R. Z., Osterman, L. E., Curry, W. B., and Phillips, R. L., (1998). Marine isotope stages 1 and
3 in the western Arctic Ocean. AGU Chapman Conference on"Mechanisms of Millennial Scale
Climate Change. Snowbird, Utah.



